Irrigation channels are large, spatially distributed structures in which wave propagation phenomena occur. Due to this, when control design is based on lumped parameter approximation models, the interaction among different sections has to be taken into account. On the other way, multivariable control demands the centralization of the information provided by different sensors that may be long distances apart. This naturally rises the issue of evaluating the performance increase due to the use of multivariable, centralized control, versus partially or totally decentralized schemes requiring simpler algorithms.
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Another difficulty is posed by the uncertainty in the dynamic models available. Vegetation growing in the banks, mud accumulation and water losses cause changes in model parameters, making the system time-varying in unpredictable ways. As is well known, adaptation is a classical way of tackling the problem of preventing performance degradation when facing significant levels of uncertainty. But again there is a counterpart: Adaptive control may induce complex dynamics and requires an expert to tune its configuration parameters.
The above issues are considered here in relation to a pilot water irrigation channel. The plant used as a prototype is the experimental channel of Núcleo de Hidráulica e Controlo de Canais of University ofÉvora, Portugal. Although a pilot plant, this channel has dimensions (150 m long) and is provided with equipment (sensors, actuators, SCADA interfaces) that allows the experiments performed on it to face problems similar to the ones found in non-pilot channels. For this reason, it has been used in many experimental works as a test bench.
Model Predictive Control (MPC) is a popular tool in industry and it appears to be quite suitable to irrigation channel control as well. Indeed, it embodies in an optimization framework important aspects of the problem, viz. constraint handling, reference management and accessible disturbances. Furthermore, it provides a flexible tool for controller structuring, including SISO and MIMO control.
In this paper the performance achieved with both adaptive and non-adaptive MPC is evaluated. Different structures are considered, corresponding to different degrees of centralization of sensor information, ranging from local upstream control of the different channel pools to multivariable control using only proximal pools, and centralized multivariable control.
In addition to the non-adaptive version, an adaptive MPC algorithm based on redundantly estimated multiple models is considered and tested with and without feedforward of adjacent pool levels, both for upstream and downstream control. In order to establish a baseline, the results of upstream and downstream local PID controllers are included for comparison. A systematic simulation study of the performances of these controllers, both for disturbance rejection and reference tracking is shown. Experimental results with the adaptive MPC algorithm are also presented. Based on simulation and experimental evidence, a discussion of the impact on performance of different features embodied in the algorithms as well as of different parameter choices is made.
